The auxiliary-feed-water pump (AFWP) used to supply water during a station black out situation at nuclear power plants should meet the seismic qualification regulations stipulated in IEEE Std 323 and 344, so as to withstand earthquakes or dangerous situations. Here, we establish a model for the estimation of the structural integrity of this type of pump. If the natural frequency that results from a modal analysis is less than 33 Hz, we adopt a dynamic analysis, instead of a static analysis. A dynamic analysis was carried out taking into consideration seismic conditions such as the floor response spectra (FRS), an operation-base earthquake (OBE), and a safe-shutdown earthquake (SSE). Finally, an analytical estimation of the structural integrity of an AFWP is made through a comparison of calculated values and allowable values. If the result is less than the allowable stress, the pump is deemed to have good structural integrity. In addition, future studies will involve a stability check for rotor accidents that may occur during the operation of the pump.
Introduction
South Korea has many nuclear power plants. But the country is not safe from earthquakes. Nuclear facilities will always need to be prepared for an emergency accident. Therefore, they require more rigorous and precise seismic and structural integrity analysis in comparison to other industrial facilities [1] . If an accident occurs in a nuclear power plant, its operation will stop automatically. But because nuclear fission does not stop, water must be supplied continuously. The nuclear fuel is kept cool because continuously circulating water is supplied to the facility interior. An AFWP is used to cool the heated water. This pump must maintain integrity in 
Fig. 1 Process of analysis method
an emergency situation so that the worst problems can be prevented.
A study on the analytical estimation of structural integrity for a main control board in a nuclear power plant was performed by Jung et al [6] . A study on the design of a tilting pad journal bearing, considering rotor stability, was performed by Jo [7] .
Also, a heat-up calculation for an AFWP room at Ulchin units 3 and 4 for loss of HVAC accidents was performed by Yoon et al [8] . And seismic qualification of the main control board for a nuclear power plant was performed by Byeon et al [9] .
Such theoretic stability analysis for nuclear structure research is in progress, but systematic individual researches have not been done. Therefore, a comprehensive study is needed on the safety of the pump shaft and the seismic safety verification of a AFWP. In this paper, a three-dimensional finite element model was constructed using ANSYS in order to verify the structural integrity of an AFWP of a nuclear power plant for earthquake load conditions. If a first natural frequency as a result of the mode analysis is greater than 33Hz, static analysis will be performed. When the first natural frequency is less than 33Hz, acceptable justification for static analysis cannot be provided, and a dynamic analysis will be required. And we will want to conduct a stability check for rotor accidents that may occur during pump operation.
Seismic Qualification Method

Analysis method
This is a method to analyze the behavior by 
Seismic category
This classification is applied to those structures, systems, and components that are designed to remain functional during and/or following a safe shutdown earthquake. To be verified in this paper, an AFWP for SSE occurs when the ability to sustain as the class that corresponds to the seismic category I structures should be designed. Thus, the overall verification process is shown in Fig. 1 . To perform the seismic analysis we shall consider three kinds of conditions, as shown in Table 1 . The normal case is a consideration of the dead weight and nozzle loads. And then, OBE and SSE will be applied by inputting the spectrum data.
Rotordynamic analysis 3.1 Rotor modeling
A rotor analysis for the rotating part was 
Rotor system stability
The operating speed of an AFWP is 3,600 RPM, which is used to analyze the rotor and bearing. As The first flexible body modes of an AFWP occurs at 2,215 CPM (36.91Hz). Therefore, within 33Hz, the rotor systems can be regarded as a rigid body. 
Fig. 4 Mode shapes
Flexible body mode occurs above 33Hz, so the stability of the rotor was secured. And do not overlap operating speed. So, the rotor system can be designed so that can avoid the critical speed. 
Seismic qualification 3.1 Finite element model
Modal analysis
The modal analysis was performed before seismic analysis in order to verify the structural integrity for an earthquake. To decide on the analysis method, the structure was first determined to be either a rigid device or flexible device depending on the results of the mode analysis. The analytical model was constrained for all degrees of freedom at 14 points, because the structure is fixed to the floor using 14 anchor bolts. The boundary condition is shown in Fig. 5 . The completed modal analysis is the shape shown in Fig. 6 and the results are shown in Table 4 . In other words, from looking at the results, the first mode was 27.9 Hz, so it was considered to be a flexible device because the earthquake frequency was within 33Hz. So, a dynamic analysis should be performed. A nozzle load was determined using Eq. (2) and (3) respectively, a force and moment was applied value of total 6 components are described in Table   5 . The suction and discharge parts in the analysis model, respectively, with a nozzle load applied, are shown in Fig. 7 . Fr and Mr are defined as follows;
Based on the results of the mode analysis, an AFWP is flexible. Therefore a dynamic analysis is performed. To perform the dynamic analysis, load combinations are applied in Table 1 The analysis result is shown in Figs. 10, 11 and 12, respectively. And to confirm, the value of stress intensity was compared with the allowable stress.
Each part was compared with results is details classified depending on the type of applied properties in Table 6 and Table 7 , respectively. Table 6 Result of seismic analysis (SA-487 CA6NM)
For each condition, as shown in Figs. 10 to 12, the maximum stress occurs in the part of the anchor bolt attached to the floor. The maximum stress for all conditions occurs at the base, as shown in Tables 6 and 7 , which is less than the allowable stress.
Conclusions
In this paper, rotor analysis confirmed the stability of the pump shaft. We establish a model for the estimation of structural integrity. 
